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ABSTRACT. OF THE DISCLOSURE 
The invent don reiatae to a process for the preparation 
ol a rabies- vaccina by multiplication of r&Mes viruses in 
animal satw tissue or poultry eabryoB, harveating of the 
S viruses from the nerve tissae or from the heads of the 
embryos, enriching the viral preparation* inactivating 
thereof, And preparing a vaccine » In one aspect* the process 
comprises homogenizing the ran»« tissue or embryo heeds end 
harvesting of the viruses therefrom by avoiding the use of & 

10 mixer, and thus preventing dajnage to snd fragmentation of the 
viruses * The nerve tissue, the eaabryo heeds or their 
contents are comminuted in a manner which preserves cell and 
viral integrity* The preparation is then treated by 
separating the complete live viruses which axe capable of 

15 multiplication from the resulting cell suspension, 

delipidating by extraction with a water -immiscible organic 
solvent and then further selectively concentrating the 
viruses thereof « 

The invention also relates to a jnyelin-f ree rabies 

20 vaccine which has been obtained by the process described 

above from animal were tissue or poultry embryo head tissue 
containing rabies viruses. 
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BACKGROUND OF* TH& IKVEOT3QM 
rie ld of the invention 

The present invention relates to a new, economic process 
for obtaining a rabies vaccine comprising obtaining whole 
5 live viruses and rendering the viruses thereof incapable of 
replicating by chemical treatment. This invention also 
relates to a vaccine obtained by this process , which ia by 
reaBon of its high purity distinguished by a m gh specific 
activity And the absence of undesirable secondary reactions 
IP when inoculated to human subjects. 

Description of the Background 

Most rabies vaccines have up until the present tine 
been obtained by multiplication of the rabies virus in living 
aoitoals such as mice / rats, rabbits, sheep, etc. However, 
the thus obtained virus -containing preparations contain 
considerable amounts of myelin and elicit detrimental cidc 
effects. 

In recent times, rabies vaccines haw also been obtained 
from viruses multiplied in poultry embryos. This method hae 
tbo advantage, in principle, that the thus obtained virus- 
containing tissue contains hardly any injurious rnyalin. 
After multiplication of the viruses in poultry embryos, Lbeee 
embryo* arc completely homogenized in toto in a mixer or 
blander. In this manner, however, it is only possible to. 
incompletely septate from this pasty hornogenate the virus 

- 2 - 
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constituents from heterologous protein which may initiate 
undefilred secondary reactions upon inoculation. This is also 
the case with vaccines obtained from brains of living 
animals 'which. have been infected with rabies. On repeated 

5 inoculation - indispensable in the case of huntsmen, forestry 
workers, veterinarians, etc. - theoe secondary reactions may 
increase considerably and result, in violent allergic defense- 
reactions against the heterologous proteins* 

The quality of ambry© vaccines has been somewhat 

10 ituproved by uedog only the heads of the embryos to obtain the 
vaccines. Since , in comparison, embryo heads carry an 
essentially higher concentration of the viruses, the vaccines 
prepared only from embryo heads have a correspondingly lower 
content of byproducts and cauee fewer *ide effects t German 

15 Patent 3,009,064 ; P,S« Patent 4,255.530 ). 

However r in the course of preparing vaccines from nerve 
tissue of animals (frora embryoB or from embryo beads), 
viruses are often damaged or f ragmsnt&d when the virus- 
containing tissues axe homogenized with a mixer or blender* 

2 0 This considerably reduces the activity of the vaccine 

prepared from horoogenates of this type and ma)cee its purifi- 
cation mors difficult since large amounts of proteins 
and liquids are released from the fragmented cells* 

A slightly better vaccine ha* only been obtained by 

25 multiplication of the rabieB viruae* by in vitro culturing 
human diploid cells [HDQ ( H. _ Koprowski , "Vaccine lox man 
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prepared in human diploid cells", Laboratory Techniques 
in Ratios by M*M. Kaplan and H. Koprowski, WHO Monograph 
Series Mo. 23, Chapter 23, pp. 256-BD {1S73J; T.J. Kifctor . 
Develop. Biol. Standard, Vol. 37, pp. 356-66, S. Kargar, 
5 Basel 1978, "Production «nd control of rahies vaccines made 
on diploid cells"? T.J. WifcTor ct a l> "Development and 
clinical trial of rabies vaccine of tissue culture origin" , 
Develop. Biol. Standard, Vol. 40, pp. 3-9 (1978)). The thus 
obtained vaccines contain human proteins contaminants. 

10 Such proteins, however, although producing fewer, secondary 
reactions than do heterologous protein*, etill produce soate. 

A considerable disadvantage o£ this method is the 
relatively low multiplication rate of the r«bie* viruses in 
diploid fibroblast cells. This requires the u»e of a 10- to 

15 ?.S-fold greater concentration of the vaccine. Kence, 
this method is not efficient euiough to meet vorld-wida 
demand for rabies vaccine in an economically feasible manner. 
The preparation of a rabies vaccine in duck embryo cell 
cultures is described in tr.s. Patent 3.674^3 . tn this 

20 process, however, the multiplication rate in cell cultures 
is limited, fg.fr. Patent 3. »73 » OOP .describe a method for the 
enrichment of rabi €3 virusea by density gradient centrifuga- 
tion; K ' 50116 *• Xaryri Hikrobiologie , Infefctiojvs- und 
Seuchealehro, Stuttgart (Microbiology, infection and 

25 epidemiology) i 48 9- 493 Stuttgart 11578) describe the 

traditional preparation of duck embryo rabies vaccine). 

- 4 - 
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Thus t thtre is & pressing need fox a nev and highly 
active rabies vaccine which contains mechanically intact 
viruses with fully retained Antigenic activity, which is 
straightforward to prepare and thus not too costly, ind 
5 free of side effects, such vaccine would be *a effective and 
veil* tolerated vaccine which has lone been sought for 
world-wide control of the fearsome and fatal rabies disease ♦ 

. 5TJMKASY OP THE INVENTION 

The present invention provide? a process for obtaining 
lt> inactivated rabies viruses which am substantially ray ci in- 
free, comprising: 

(1) intracexebxally inoculating an experimental animal 
with whole live rabies viruses; 

12) allowing for paid viruses to multiply! 
15 UJ comminuting nerve tissue from th« animal's brain to 

obtain a cell suspension, said coracainution beiDg conducted in 
the absence of a mixer to preserve the integrity of the 
viruses; 

(O separating live whole viruses from the cell 
20 suspension t 

(5) delipidating the live whole viruses j and 

iG) selectively concentrating the viruses j wherein 

steps (1) through (4) are conducted at least once and up to 

3 times. 



- 5 - 
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In addition, Uns invent ion also provides a process for 
obtaining inactivated rabies virweg which are »Msataneially 
mvelln~ir»» comprising* 

(1) inoculating a poultry embryo egg xitfe vhole live 
5 rabies virua»s? 

(2) allowing for said virus** to multiply i 

(3 J comminuting the eobryo frow the poultry egy to 
obtain a cell suspension) said comminution being conducted la 
che absence of s mixer to preserve the integrity of the 
10 viruses) 

{4) separating live whole viruses from the cell 
suspension* 

C5) delipidating the live whole viruses f and 
(6) selectively concentrating the attenuated viruses i 
15 wherein steps CD through (A) are performed at least once and 
up to 3 tiwes. 

This invention aXxjo provides a rabies vaccine comprising 
inactivated rabies viruses vhich axe substantially 
sty* 1 in-free, said viruses being present in an amount 
2® affective to elicit an incnuniting response when administered 
to a subject* The present vaccine may be obtained by the 
hereinabove processes. 



- -6 - 
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DESCRIPTION OF TH5 INVENTION 
The present invention r eld tea to ad economic process for 
preparing a rabies vaccina which ia of the highest quality 
when compared to vaccinae obtained from viruses multiplied in 
5 diploid human geUI cultures. 

In one aspect of this invention the process comprises 
(1) isolating the rabieB viruses which have multiplied 
in animal nerve tissue or poultry embryos avoiding mechanical 
demage to or £ ragjnentation of the viruses thereof ; 
10 (2) removing lipid* from the resulting viruses by 

extraction with a water -immiscible organic sol veirt such as 
volatile paraffin hydrocarbons or halogenated hydrocarbons 
sucJi as fluorinated hydrocarbons; 

(3) enriching, the delipidatsd viruses by density 
15 gradient centrif ugation; 

(4) precipitating the viruses by addition of a 
polyethylene glycol (e.g., P»G 6000) and concentrating 
by centrif ligation and purifying the live whole viruses. 



step (i) entails extracting the rabiet virus by cautious 
2 0 comminution preserve cell and viral integrity] of the 

nerve Tissue or poultry embryo heads U.g, , duck, chleten or 
quail), and washing tho tissue fragments with a buffer, e-g., 
phosphate-containing buffer- This- step is superior than 
horoogenieing in a miaeer or blender sines foreign protains and 
25 lipids are solubiliacd to a leader extent, the occurrence of 

- 7 - 
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oxidation products of antigens, proteins and lipid*: is 
avoided, and the content of intracellular , incomplete and 
non-lmmuniting rabies antigen is diminished, The virus- 
containing suspension obtained by washing tne ticsue frag- 
ments with an agueau* buffer solution is then removed by 
differential centx if ligation. 

At least 95* of the residual protein is discarded: by 
operations 3 and/ or 4. 

The vixuees are then finally Inactivated in a known 
manner, for example by addition of a -propi one lactone or 
trl- ( n- butyl ) phosphate ♦ 



DSSCHIFTIOM OF THE, PREFERRED EMBODIMENTS 
The individual process stops of tbe inventive process 
are performed in such a manner that a surprisingly good 
overall rosult is achieved. Harvesting viruses only form the 
heads of the embryoB entails producing a high basic 
concentration of the viruses . The mild treatment ot the 
virus-containing tissue material gives a fine paste, 
especially upon avoiding the hcanogeni ration thereof with a 
rcUor or blender, provides a viral suspension which exhibits 
substantially no mechanically damaged or fragmented viruses 
with incomplete antigen content, and which, moreover, 
contains far fewer foreign materials such as cell debris , 
proteins and lipida. The remaining lipid* can be removed 
from this viral Guarpejuiian by extraction, and the proteins 

- 8 - 



http://patentsl ic.gcxa/fcgi-bin/any^ 12'1 7/2002 



01271 708dis.afp Page 8 



Page 2 of 3 



can l>e far more completely removed by eelcctlva concentration 
and/oi precipitation ot tha virus than from a pasty 
homogen«te«. The vaccina obtained by the proceas comprising 
the sequence of step* described la improved by Around 90* fold 
5 coaip&rtd with the conventional duck embryo rabiei vaccine. 
When the preparation of rabiee vaccine Is obtained by 
passaging on nerve tissues of animals such as- mice, rati, 
rabbits and sbeep, the virucBS ar« multiplied in the living 
animal by intracerebral Inoculation of rabies viruses 

10 of standardized seed serains* it rnuct, however, be no-tad 
that the multiplication of the viruses in living animals has 
the disadvantage, compared with the multiplication of the 
virusec in poultry embryos- that the nerve tissue* of living 
animals contain myelin. This protein ie Xncvn to give ris-e 

15 to secondary reactions when the vaccine la used, including 
encephalitis. 

After alauohterino* the animal*, vhicfc were previously 
inoculated with live whole rabies viruses, their brain* sre 
removed , coorunlnuted in a manner which preserve* the wholeness 

20 of the cell* and the viruses, and a vaccine i« prepared frcw 
the resulting cell suspension by the proceea described 
hereinabove - owing to the avoidance of cell fragiTwntnticn 
during the comminution of the vl rus-ccnt n! rting nerve tissues, 
less myelin is released than during coewninutioa with a 

25 wixer, During the extraction of the lipids with an organic 
solvent in a later *t*p of the process a further part of the 

- 9 - 
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still present myelin ia removed in such a mannar tjiat the 
vaccine which is finally obt&ined causes only minimal, if 
any, secondary reactions, and those vhich or* caused axe 
still highly tolerable. 
5 The steps of the process mist be conducted avoiding the 

nae of a mkM or blender for the horaogeni nation of nerve 
tissues or of embryos or embryo heeds on harvesting of the 
virusc*. This prevent* damage to and fragmentation of the 
viruses by coravinution of the nerve tissues or of the embryos 

10 or embryo heads and their content* in a manner vhlch 
preserves the wholeness of the cell* and the viruses, 
separating the complete live viruses which are capable of 
multiplication from the resulting call suspension, and 
purifying tha resulting viral suspension, delipioating by 

15 extraction vith a water-iiwniacible organic solvent and then 
selectively concentrating the viral preparation. 

•Eha comminution of the nerve tissue, the embryo* or 
embryo heads or their contents , ia carried out vith the 
aid of a meat mincer on a course setting, by cutting up or by 

20 opening of the head* and contminutiny the removed brain tissue 
in a manner which preserves the integrity of the cells, and 
tha refer* the viruses. 

Washing or extracting the viruses from the comminuted 
tissue i* carried out vith a buffer solution, preferably with 

25 an aqueous phosphate buffer of about pH 7-B, as is known in 
the art. The removal of. the lipids is carried out by 

- 10 - 
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estraction with a water-Uw^icifeie solvent, such a* U quia, 
volatile, optionally halogenated hydrocarbons. Bult.bla 
•olventa era petroleu* ethers «uch a. heptane*, fluoridated 
«d chlorinated ethane* and honwiogs thereof. other 
S solvents can .ho fa* used. The further concentration of toa 
dolipldated viral suspension can be earned out by density 
gradient eentrirugation and/or precipitation with a 
poiysthylene glycol, preferably with PB3 6000. a* is known in 
the art. Suitable types of embryo poultry eggs for the 
ID nmltlpUcMioti of rabies virueea are 1= particular those fron, 
ducks, chickens and quails. In general, incubated duck 
are preferred ac the ti* ra for the smltiplication of 
the viruses. The nyelia-f ree rabies vaccine provide herein 
way be obtained from poultry embryo head tissue which 
contains rabies viruses by the process which i« described 
above, which procees fully preserves viral integrity. 

The processes according to the invention rwmlta in a 
rabies vaccina which, compare with the vaccine, obtained by 
Process, hitherto known, exhibits a far batter ratio of 
20 antigen content to protein content, contain substantially no 
for.ign lipids, Md approach in quality an ideal HDC vaccine. 



15 



11 
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DETAILED DESCRIPTION OF THE PROCESS 
Now the procesc will be described in relation to aaeh 
separate step. 

SteT> 1 : 

5 A rabies virus strain which is aui table for the 

preparation, of the vaccina la adapted to the in tended viral 
host by appropriate passages on the embryonal cells ox 
poultry eggs or in mice, rats, rabbits or she bp, among 
others * 

10 Attenuated rabies viruses are, for example, inoculated 

into the yolK esc- ot fertilized poultry eg?* vrhich have? 
undergone initial incubation and in which an embryo hae 
started to develop. After about two weeXe, the embryos ara 
removed and their heads are harvested. The embryo heads axe 

IS comminuted in a manner which px*e serves cell and viral 
integrity in a meat mincer. 

Alternatively, the head of the embryo, is cut open and 
the brain tissue is removed and commLamted. Tbe 
tmilti plication o£ the viruses way also be undo r taken in 

20 living animals. In such case, animals which are only a few 
days old (mice, rats, rabbits, lambs, etc.) are usually 
inoculated Inrracarebrally with the some species- spec if ic 
attenuated seed virus. 

After about 10-30 days the onifnale are sacrificed, 

25 and the braizie are ramovad by operation and comminuted in a 

- 12 - 
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Mnn« which preserves call and viral integrity. The 
extraction of the rabies vij-us from t*>e cocandnuted tissue is 
carried out by washing the titaue fr agm«nti with a 
phosphate-containing buffer, a uuit&bla phosphate buffer 
5 is one comprising, e*g., D>7$% by weight of disodiuja hydrogen 
phosphate (Na^K&Oj), 0.145V by weight of potassium dihydrogen 
phosphate (XH2PO4) and 0*48* by weight ot aodium chloride in 
distilled water, pH 7.4. Howsver, other buffer, solutions 
Xnowa in the art may also be used. It is equally possible to 

10 use for the extraction, stabilizers and salt solutions which 
are eustcmarily used for the preparation of viral vaccine 
suspensions, or even de ionized water as long as the pH is In 
the range between 7 and 8 . 

The suspension containing the viral antigens is 

15 separated trow the tissue by differential eentrif ugation at 
about 10,000-15,000 x g {q being the acceleration of 
gravity). The regaining tissue sediment can be used for 
further extractions , by which means a yield of about 30% of 
viral antigen Is possible. The tw or more virus-containing 

20 extracts are combined and then filtered* 



Step 2 : 

The foreign lipids still remaining in the viral 
suspension are removed by extraction with s water -bnmiscible 
organic solvent, such as, e.g., with an bydrocarbon, 
25 optionally balogenated and preferably fluorinaced. 

- 13 * 
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Subsequently, the antigen extract (the viral suspension* 
is enrsched by density gradient cent ri fug at ion in a manner 
known par tc at 15,000-90,000 x g using a buffer A&d sugar 
eolutiocB of various concentration e , by increaaing the augar 
5 concentration in the buffer in o manner known in the art. 
Alternatively , the virai suspension can be concentrated by 
precipitation with polyethylene glycol. 

Step 3 ; 

The density gradient ccntrifugstion is carried out 

10 in * manner known per ee at 15,000 to 19,000 x g using sugar 
solutions of various concentrations and buffer solutions, by 
increasing the sugar concentration in a buffer solution. Tor 
this purpose, the prepurified suspension "is pumped at 15,000 
to 90,000 x g at a flow rate of, e.g., 4 litres/h over a step 

15 gradient of an increasing concentration of sugar ( usually , 
sucrose from 15 to 55 \) which has previously been 
introduced. The fractions collected from the various 
densities axe then subjected to te-sta for density , the 
content* of lipids, nucleoproteinc and glycoproteins., and 

2D sterility. 

The antigen- containing fractions axe pooled, tasted 
once wore, and then processed further to obtain the vaccine ► 
Physiological saline solutions of any type, e.g., the 
phosphate buffer mentioned above, can be used for dilution 

25 in a manner known per ae (Duck embryo rabies vaccine: 

- 14 - 



http://pateiitsUc.gcxa^ 12/17/2002 



01271708dis.afp Page 14 



Page 2 of 3 



JM. HoBXina. Laboratory Techniques In Rabien by w.H, Kaplan 
et al,, WHO Qeneva 1975, Chapter 27, pace* 243-55; Density 
gradient centriiugation! J. Hllfenhaus et aL . 
J. Btol. Standard. 4;2$3-271 U973); M. Maler fet el. . 
5 l>evelop. Biol. Standard. 37; 2*7-271 (1977); and P. fttaiMBin 
£fejJLi_r rveveiop. Biol, Standard. 40: 3 S- 4 4. 

Step 4 : 

In addition or alternative to the enrichment ot 
10 virus concentration by density gradient centrifugation, the 
prepurlf.i»d, and usually enriched, viral suspension can be 
further concentrated and purified by precipitation with a 
polyethylene glycol, preferably free of heterologous 
protein. Por this purpose, the pH of the viral suspension 
15 can be adjusted to about $. After addition of a polyethylene 
glycol (e>g, r PEG 60D0J to a final concentration of 6* by 
weight, the suspension is stirred for at least one hour and 
the virus is precipitated by subseijuent centxifugation at 
10,000—15,000 x g. The viral sediment is then reauspended 
2D in * stabiliser ccroposed of a eolation containing lactose and 
physiological gelatin ( £,H. MlXhai lovskr et 
Ann* Inst. Pasteur 12l!5E3-5fiB {lSftlb James Xoglarrv et a I,.. , 
Virology 40;74&-746 (1970). 
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Step 5 ; 

The intact live viruses capable of multiplication 
which arc present in the resulting viral concentrate are 
now inactivated* Bet a-propionolac tone \BPL) is usually used 
5 for the inactivation ( S.A. t^oorlppo , annals Kew York 
told. Of Sci. 83:578-94 (19GO). Tfcy^vor 
other -luibstticjtfos axe a loo 

suitable for this purpose such as tri(n-butyl) phosphate 
( H. Tint et al« , Symposia aeries in "A uaw tisaue culture 
10 rabies vaccine, inactivated and disaggregated with 

trl-{n-butyl) phosphate" Urwoinobiol. standard. (Karger, 
Baeel] 21il32-lA4r T.J. WJctor at al. , Develop. Biol. 
Standard, (197B), 

7hfc vaccine concentrate obtained by the new process 
15 differs from commercially available rabies vaccines lit its 
high content of antigen value units per jog of nitrogen (meaa- 
tired using the standard WIH teat in mice and the antibody bind- 
ing teat in the . Pieferavly, the vaccine contains more than 
10 antigen value units per mg of nitrogen, and still more 

20 preferably more than IS units per rog of nitrogen, but 
always more than 8 units per mg of nitrogen* As a rule, 
the same oan be obtained using unborn eitvbryoa which do not as 
yet feel pain and in which the brain tissue, which is just in 
the process of developt&ent , appears to be still free of 

25 myelin ( *. Abdussalen et al* . "The problem of anti-rabies 
vaccination" < International conference on the application of 

- 16 - 
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vaccine agninat a as ay viral rickettsial and bacterial 
diseases of man, Pan. Ait. Health Org. ^PABOJ , Sc. pub, Ho, 
226t54-SS (1970) t and P. Penie . "Die statu* of exiting 
rabies vaccines", ibid, pages £0-65). 

5 Step 6 : 

The vaccine resulting after the inactivation can be 
dispensed into vials and can then be f reeze-dried. It may he 
reconstituted for use by dissolution or suspension using 
distilled water. 

10 As i* well understood by those sltilled in the art of 

viral purification, additional steps may be included Co 
further purify the rabies virus. 

It is possible by tho jproceea which ha* been described 
herein to prepare unlimited, or at Least adequate, amounts of 

15 a valuable and innocuous rabies vaccine in an economic and 
relatively straightforward manner. The preparation of yuch 
quality rabies vaccine by multiplication of the viruses in 
human diploid cell cultures tHDC) is. highly impossible as a 
consequence- of the low efficiency of the substrate. 

2 0 It i* noteworthy that by an order of February 1979, the 

CDC has restricted the use of human diploid cell rabies 
vaccine to people bavin? developed Life -threatening aide 
effects after administration of the duck embryo vaccine or 
who were Incapable cf acuuirino. an appropriate titer of 

2b antibodies. The reason given for this is inadequate 

- 17 - 
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productivity of the human diploid cell cultural I See also, 
Morbidity and Mortality Weekly Report (MMtfR) 27:333, 413 
(1978 )). 

The rabies vaccine prepared by the process according to 
5 the invention is at least equivalent to *n HDC vaccine In 
which the viruses have teen multiplied in human diploid cell 
cultures (See, Example 1 here inbe low ) . Ho aide effects have 
been observed upon administration of this vaccine up to the 
present time* thereby making available for medical use a 
10 rabies vaccine of excellent value and effectiveness and which 
has negligible side effects. 

when the antigen of this invention is used to induce 
immune response in a human or animal, it is administered in 
an amount sufficient to elicit an immunizing response. The 
15 amount of antigen may be adjusted by a clinicieo. doing the 
administration, as commonly occurs Id the administration of 
vaccines and other viral agents which induce imraunicing 
responses. Suitable vaccine unit amounts axe' between about 
2»5 units end 10 units, preferably between about A 
20 units and 6 units* Although a single administration 

induces an ironune responee, multiple admini strati on» may be 
carried out if desired or. if so required in accordance with 
schedules known per sc. The route of administration can be 
any of the routea generally used for rabies vaccines, such as 
2S by injection b uncut ana ous-ly, iatraiauiecniary anrt uhc 
UXe. 
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Having now generally described this Invent ton r the same 
will be better understood by reference to certain specific 
«Munplcs F which are included herein for purposes of 
illustration 0T3iy and aro not Intended to be limiting of the 
5 invent ion or acy embodiment thereof, unless so specified. 

EXAMPLES 

Example 1 - OF A PURTFI BID tfUCX EMBRYO fiAUlSS VACCINE 

1- Preparation of the virus suspepgj op 

(a) The "Wistar rabie.e, pm <Pitman-Koore) virus 

10 strain from the Wistax Institute, Philadelphia, or another 
rabies virus & train suitable for the preparation of a vaccinG 
was adapted to the embryo cell* before actual use by 
intracerebral pa a sage in mice and repeated passage by 
inoculation in duoJc eggs which have undergone initial 

iS incubation. T?he viruses used for the preparation of the 
vaccine are those from a passage with a particularly high . 
titer and which have already proved to be suitable in the 
preparation of rabies vaccine in accordance with the method 
of Hosklns , "Laboratory Techniques" , in Rabies by Kaplan 

20 et al», WHO, 27:243-55 Duck Embryo Vaccine (1973), 

Fertilized duck eggs from healthy stocJcs were 
incubated at a texjporature of 3$*c + l m c and a humidity of 
65-70%. After Bir. day 9 they arc -candled wixh UV light and 
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unBui table eggs axe rejected. On day 7 of incubstian, the 
rabies virus was inoculated di rectly into tht yolk sac of the 
eggs in which an embryo was developing, Tne incubation was 
continued and 10-14 days later the eggs were again candled 
5 with UV light- The eggs in which the embryos continued 

to develop well were opened under sterile conditions, and the 
embryo? vexre removed and decapitated. The heads vere stored 
individually under sterile conditions in the vapor phase 
over liguid nitrogen until the sterility testa were 

Id complete . Groups of 40-60 of the sterile heads were combined 
into a pool with the addition of a defined amount ot a 
stabiliser. The sterility of each pool was again tested* In 
addition to the stabiliser, it vas also possible to us a a 
5 acl/ phosphate buffer comprising 0.75% dl sodium hydrogen 

15 phosphate, 0,14&% potassium dibydrogen phosphate and 0.4BI 
sodium chloride in distilled water r or other saline solutions 
as are customary for the purpose of diluting vaccines , even 
desalinated water, as long as the pH vae in the range between 
7 and B» 

20 The rabies virus extract Mas obtained by cararaimition of 

the above mentioned sterile embryo head? using & meat 
mincer* The tissue fragments wore cashed twice with a 
phosphate-containing buffer. After centrifugation at 
10,000-15, 000 x g and at a temperature of the 

25 infectious virus was collected in the supernatant fraction. 
Remaining brain particles or other lipid -containing tissues 
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wexe removed by subsequent filtration through a gnu re filter 
bye torn. The remaining residues of head tissue can be 
extracted once more and filtered by use of the **»e process, 
by which means a higher antigen yield of about 10\ is 
5 Achieved* The sediment *as again suspended in a 

phosphat a* containing buffer and stirred for at l«st one hour 
at low temperature |1-4*C) before the centr irrigation and 
liltration. 

(b) A subsequent, virtually completa dellpidatioo 

10 was carried out by mixing the resulting viral suspension with 
Aft inert liquid hydrocarbon solvent vith a 
relatively low density , such as, fcr example, n-heptane« 
Hamogcnii&ation was carried out in every case unCer a glass 
bell containing nitrogen gas. The viral suspension was 

15 pumped through a mixer system, e.g., Virtis mixer, at 
a constant flow rate of, e.g. , S00 ml/join. At the same 
time, the n- heptane was pumped into the ttdxer system at a 
xatfc of 50 ml/nrin. The 1 ipid-containlng phase Mas removed by 
centr if ugaticn at 10,000-15,000 x g. Traces of the dissolved 

2 0 hydrocarbon solvent wore than removed from the dell pi da tad 
vims extract by allowing sn inert gaa such as, e.g., 
nitrogen, to bubble through the agueous phase and maintaining 
the acquccuH phase under vacuum at 4"C for a period of 
about 15 hours. 

2 ^ ( = ) An alternative proces* for the hydrocarbon 

dilapidation is as follows. Sterile embryo heads may be 
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conuntnuted, extracted and filtered a* described under (la). 
The removal of the foieign lipids may then be carried o\it by 
using the fluoridated hydrocarbon solvent 
1,1,2-trichlorotriflunroethane. The individual *orXing 
5 steps remain the same* 

11 • Concentration ana further purification of the virug 
suspension 

(a) The prepurified rabies viral suspension prepared by 
the process described shove had a viral titer between 10 7 and 

ID 10 8 HLD 5E) /nil. This material was further purified end 

concentrated by eentrifugating once ox twine or* a linear aucxoae 
gradient U5-55\> at 75,000-90,000 x g. A concentration 
factor of 100:1 was attained in this manner. The 
glyooprotein and nucleoprotein content (before and after 

IS solubilifcatlon of the virus membrane vith Triton X 100 r 
that ie to say election of the intact virions), the virus 
titer, the density and the sterility of the gradient 
fractions were tested. Sterile fractions with « ratio of 
rabiee glycoprotein to nucleoprotein which corresponds to 

20 that of the purified whole virion solution, and with a very 
high lnieotioue titer (for example 10 9 -10 10 HLD W / W 1> were 
otstabined and reserved for further processing. 

(b) ft further purification and concentration of the 
viral suspension can be achieved by polyethylene glycol (PEG) 

*S precipitation* Por this purpose, PEG 6000 ( Siegfried 
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Zcflngen, l>witserland) dlsaolvod In a 30V strength 
phoshate- containing buffer solution (pH 6.0). This stock PEO 
solution was sterilised In an autoclave and stored at 4*C» 
The viral suspension which wee adjusted to a pH of 6,0 
5 vith a 10% KaOH solution vas then precipitated with the stock 
PBG solution at & final dilution of S%, The mixture was 
atlrred at a temperature of 4'C for at least one hour- The 
rabies virus can then be sedlmentod by oentr if ligation at a 
speed of 10 f 000-15,000 x o over a period of 30 rain. The 
10 removed virua was aaain suspended with o stabiliser to the 
final volume and was reserved for further processing- 

III* roCTUlatioti of the viral concent ratec 

Pretested viral concentrates vera combined and diluted 
with a suitable stabiliser, for example sodium phosphate 
15 buffer <pH 7.4), vith a physiological sodium chloride 

solution, or with, another stabiliser which hai already been 
described (see, Hopkins > I.e.) to a concentration of about 
10 7 * 5 MLD5Q/ml. Sterility and virus titer wers tested 
again* 

JO IV« Xnaotivation of the virusee 

For the inactive tion with beta-praplonolactone r the 
final voluae of the viral suspension was maintained at a 
temperature of 2-4*C with continuous stirring. Freshly 
prepared, ice-cold aqueous beta- propionolact one solution was 
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edfled in an amount BUC h that a concentration, of 1:4.000 was 
attained. After tte suspenaion was stirred at - temperature 
of 4-c for 5 in, it y. transferred into a second vassal ana 
tirwd for a further «fl hour., the pH and feature ver e 
5 continouely s „onitored. A decrease in the pH „, t-Xen « a 
n.eaeur« of K>l hydrolysis. *» warded, the pH fell £r«n 
•bout 8.0 to about 1,4. At the end of the inactivation. 
thiourea! <o-f ethY3»excnryttoio>-be Wt oi C sold) w added 
until the concentration of this antiseptic substance was 
10 1:10,000. 



v - Frsoge-d* 



The inactivated viral suapeneion obtained in accordance 
with .action iv was dispensed in sine!* doees of i «i ia to 3 
«a vial,, freeze-drying stoppers were placed looeely on top, 
15 a„d the vaccine w M freese-dried in v.ouo. whma the dryin, 
process va S completed the stoppers were pushed in ti9bt „ d 
the vials were elo«d with *otal cape to assure the tightness 
ot the vial*. The vials were then etored at . temperature of 



-20-C. 



20 n - 9^tXvni9n to give ,. ^ < p > rAAiv f [ 

and me of this v^n. 

*ri°r to its use, l «i of sterile distilled water was 
injected throuah the rubber stopper into each vial. The viol 
we. then shaken cautiously, without t ar *L n9 a fM », until the 
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vaccine was completely dissolved. The entire content of the 
vial was then injected nubcutaneously into the upper urn of 
the subject, 

VI1 ' C^alitv control of t he final product - tejrfc* 

The quality control procedures ctcanprisad: the 
datamation of cue antigenicity, stariiity, inactivity > 
innocuousness and content of nitrogen, cholesterol, NaCI, 
hpl residues sad tnianersal. 

jufttlg&nitritY t 

Antigen* were tasted in accordance with 
standard instructions of the National institute 
of Health, UBA. Thoir ability to bind antibodies 
in the rffit test was al SQ measured | R ; j, Arfco et 

Laboratory Techniques in Habiee, 3rd edition, 
WHO Monograph Series 23:265-26? (1973)/ and 
0LLjS^_smlth ot al. . cab. techn. in Rah., 3rd 
edition, WflO Monograph Series 23:354 to 357 (1973). 
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Sterility ; 

All the final products for uue vere proven to 
be sterile. 

Inactivity * 

5 This was tested in every case on three 

young rabbits and ten mice, which, aiter 
intracerebral inoculation of the reconstituted 
vaccine, vera observed for 14 days. The 
showed no signs of di*ea*e in any cace. 

Three guinea pigB received 5 ml 
intraperitoneal doses of the reconstituted vaccine 
solution, and 3 mice received 0,5 ml i.v, doses. 
In no case did the animals show reactions differing 
li from normal. 

The stability of the vaccine obtained in 
accordance with the above description in the 
freese-dxied form was also tested. Efficacy 
(AGV-uVrol as a percentaae of the Initial figure 
20 (0)> was preserved after storage at the stated 
tewperatuxe for 3 i&ontbE, 

U) stability of the vaccine obtained in 
accordance with Example 1 (concentration In 
accordance with 2a) in the freete-dried form. The 
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Activity (AGV-U/ml3 as a percentage of the initial 
figure 1 0 figure) is shown in Table 1, hereinbelow. 



Table 1; Activity of the Vaccine [Example l-2a) 





Batch 
□umber 




0 figure 
AGV-U/jnl 




+ 37*C 
1 month 


+ 37*C 

2 month c 


63 


Ly til T16 






100% 


110% 


83 


1*7 III 


Tlfl 


7.3 




33% 


92% 






Cb) 


Stability of the rabies vaneii» nhi^irmrt 




in accordance vitb Example- 1 


(concentration 


in 




accordance with 2b) in 


the freete-dried for.nu The 




activity 


(AGV-U/ml) as 


a percentage ot the 


initial 




figure (Q 


figure) As fiho*n in 


Table 2 hereinbelow* 




Table 2: 


Activity of the Vaccine (Example 1 


-2b) 




Batch 
number 




v iigure 
W?v-U7bi1 




4- 37-C 
1 month 


+ 37»C 
2 months 


S3 


Ly III 


T15 


5.0 






98% 


S3 


IrY 113 


Tl* 


B.2 




nm 


104% 


83 Ly 111 


T2D 


5.7 




144* 


76% 


83 


Ly in 


T21 


15,3 




-124% 


92% 


83 


tr hi 


T22 


8.5 




165% 


105% 


83 


Ly III 


T23 


13*4 




105% 


112* 


83 


Ly III 


T23 


9.5 




147% 


12*\ 
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< c) The activity of the rabies vaccine 
obtained in accordance with Example 1 in a dog 
after s.c. inoculation is shown in Table 3 
hereinbelov , . 



Table Activity of Vaccina {Example 1, dog) 



Number or inoculated 
anim&ls with more than 


Vaccine 
according to 
4 Ba) y 7 dogs 


Vaccine 
according to 
(2b), 8 doge 


0.5 XV 


100% 


100% 


I 


m 


88* 


2 




75* 


IU « international unit* of 


antibody content 




(d) Comparative 


activity in humane 


of tne 



xabieo vaccine obtained in accordance with Example 
1 and the HCD vaccine ( Behring ) ► 

The activity of the now vaccine was compared with 
that of the HCD vaccine (Searing), Table A bereinbelow shows 
the percentage of subjects vbich irtrouno logically rioted 1 by 
forming antibodies after administration of one of these 
vaccines, in general 0.5 rtJ being regarded as conferring 
protection {inoculation on days 0 r 3, 7, 1-4 and 2fl). 
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Tmble i: Comparative Activity of Inventive Vaccine 
and HCD Vaccina 



Antibody titer 
{JEFP12) 
tc*y 14) 


vaccina 
I Ex. 1 12b)) 


Vaccine 
I to. Us)) 


HDC vaccine 
tBehrino-werke) 




3 consecu- 
tive botches 
54 subjects 


2 consecu- 
tive batches 
13 subjects 


ACVr fi.3 IU 
20 subjects- 


0.5 It) 


100* 


100* 


100% 


2 


sa% 


1001 


1001 


5 


80% 


00% 


80% 


10 


45% 


so\ 


50% 


15 


20% 


47% 


30% 



= international units of antibody content 



The rabies vnccine prepared by che process according 
to the invention proved in the clinical trial to be of at 
least equal .quality to an HOC vaccine, wherein the viruses 
had been multiplied in human diploid cell cultures (HDC \ . 

Example 2 - Preparation Of A Purified nucr fcubryo Vaccine. 

tabis* viruses ware Multiplied In duck eggs which have 
undergone initial incubation as described in Example l, The 
viruses viexe separated from the embryo heads by cutting th* 
heads open, removing tbe brain tissue and comminuting in a 
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manner preserving cell and viral integrity, and were 
harvested by reeuspension in a phosphate buffer woluticw. 

The viral sua pens ion was further processed tr> give a 
vaccine as in Example 1. 

S Bxampl ft 3 - Purified Duci. Embryo Vaccine . 

* highly concentrated viral suspension was prepared in 
accordance veith Example 1 and was inactivated by treatment 
with tri-(n- butyl) phosphate. After inactivation, the 
concentrate was free re -dried. 

*0 Example 4 - Preparation Of Purified Chicken Knibryo Vaccine. 
Chic ten eggs are incubated at 36 # C + 1*C under a 
humidity of 60-75% fox 7 days. On day 7 of the incubation, 
the inoculum virus vas directly inoculated into the yolk, sac 
of the embryos undergoing development in the eggs. The 

15 incubation continued. Seven days later , the eggs were opened 
and the embryos were removed and diaifterebered, the heads, the 
spinal cord and the trunks ware processed separately. They 
were comminuted in a manner such that they provided a 10* 
strength tissue suspension (that is to say a suspension of 

20 10% by weight of embryo tissue). The viral concentration was 
titrated using Antibody binding tost in the kitit (rapid 

Fluorescent focus inhibition !PeBt] . Three scriofi of tesfcn • 
were carried out ; the results of which are ahown in the table 
hereinbdlov. 
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Table S>: Preparation of Chicxen Dnbryo Vaccine 



Viral concentration 
<XD 50/nil) 



Head 



7.25 / 7.4 A ?.fl 



Spinal cord 



& 7. a 



Trunk 



6,0 / €.6 h 6.8 



ID - 50/ml * vims titer x log 10 for the minimum 

concentration for infection of 50% of the tissue 
cultures* 



It was found that the tissue of thD central nervous 
system (CKSfr contained about 10 times &* much viruses as the 
trunk without the cas. 

On the basis of these results , the preparation of the 
chicken embryo vaccina by the method described in Example 1 
was carried out only with the embryo head*. In the pros ant 
case, the rabies viruses which had bean adapted to chicken 
cells vas multiplied in partially inoubated chicken ages, 
e.g., by the method of B* Koprowsky (Laboratory technique in 
E&bles by K.M. Xaplan «t ai. , WHO Geneva, Chapter 26, page* 
235-242). 

The eg?v wore Inoculated on day 7 of incubation and 
incubation was continued the next day. Seven to nine days 
after Inoculation of the virus into the yolk sac, the heads 
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of the chic ten embryos were removed and processed In 
accordance with the method described in Example 1. This 
entailed the final concentration of the viruses being carried 
out by precipitation with polyethylene glycol. The vaeeine 
5 prepared in this manner van subjected to the quality control 
teste described under I through vii . This vaccine also 
proved to be fully active in humana. 

Example 5 - Preparation Of Quail Bmbryo vaccine. 

In a mariner analogous to that described in Example 1 , 
10 attentuated rabies viruses were multiplied in quail eggs ... 
which had undergone initial incubation, and were harvested 
and processed to obtain the vaccine. The resulting vaccina 
proved to be fully active in animal experiments. 

Example 6 - Preparation Of A Rabies Vaccine Trom Viruses 

15 Multiplied xn Bice. 

Five-day old mice were inoculated intracerebzally with 
attenuated seed rabies viruses* After ten days, the mice 
which ware still alive were s aerified. The bralna of the 
animals were removed and ccanninuted in a manner which 

2D preserved cell and viral integrity. The cell suspension was 
processed to give a vaccine by the process of Example 1, 
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Example 7 - Preparation Of A Babies Vaccine From viruses 
Multiplied in Bats. 
3-4 day old rata worn inoculated intra car sbrally with 
attenuated seed rabies virus**. After 12 days, the rat* 
b vhich wsre still surviving were sacxified. The brain* of tha 
ftninals were processed to give the vaccina in analogy to 
Bxaiaple 6. 

^scrapie B - RaJaiea Vaccina Prom Viruses Multiplied 
In Rabbits. 

0 six day old rabbits were inoculated intracerebral^ with 

attentuatad seed viruses* After 15 days the rabbits were 
■aerified* The brains or. the animala were proceeded to give 
a vaccine in analogy to Example 6, 

Example 9 - Vaccine From viruses Multiplied In Lambs* 
5 6-10 day old sheep were inoculated intracerebral^ vitb 

attenuated seed rabies viruses, fcftar 30 dsys, tne lambs 
were *acrif ied* Their brains were removed aiid processed to 
give a vaocine in analogy to Example fi. 
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Having now fully described the invention, it will be 
apparent to one of ordiaaiy skill in the art tb*t snany 
change b and modifications can be m&de thereto without 
departing from the spirit of the scope of the invention as 
set forth tereixu 
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1. A process for obtaining inactivated rabies viruses, 

U) intracerebral Inoculating an experimental 
animal with whole live rabies viruses, 

(2) allowing for said viruses to multiply) 

(3) comminuting nerve tissue xrom the animal ' B 
brain to obtain a cell »u*pen!.ion, said conwiaution *eL*g 
conducted in tie sbaence of a mixer to preserve the integrity 

of the viruses? 

«j separating live whole vimnee from the cell 

suspension; 

(5) delipidating the live -..hole viruses; and 

(6) selectively concentrating the viruses, wherein 
step* HI through H> •« conducted at laut once and UP to 

3 tl«ca, said viruses being substantially mvelin-tree. 

2. The proceaa ot claim 1 wherein the viruses are 
.elactivaly concentrated by deneity gradient cent* ifugation 
or precipitation with a polyethylene glycol. 

j. The process of olalw 1 further comprising 
inactivating the viruses. 
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4. The process of claim L wherein -the viruses are 
s« P ar»tsd fro* the cell suspension by washing and suspending 
thereof in & physiological buffer solution having a pH About 
? to 8. 

5. The prcce&e of claim 1 wrhereia the viru&es are 
delipidated by adding a water-iamiscible liquid organic 
solvent* 

6. The process of claim 1/ wherein the solvent is a 
hydrocarbon selected from the group consisting of 
*ater-imniisible liquid hydrocarbons or halogeaatad 
hydrocarbon© * 

7. The procass of claim & wherein the delipidating 
hydrocarbon is ar* halogenated hydrocarbon- 

8. The process of claim 5 wherein the hydrocarbon is 
selected from the group consisting of a petroleum ether, 
fluorinated or chlorinated ethane and bomologus* thereof. 

&, The process of claim 8 wherein the petroleuai ether 
is heptanes . 



http://patmtslic.gcxa/fc^^ 12/17/2002 



01271708cim.afp Page 3 



Page 2 of 3 



1271708 

10, Tho process of claim 1 wherein the animal is 
selected, tram the group consisting of mice, rats, rVoMtg 
and sheep. 

11* The proetiss of claim 1 rurther comprising precipi- 
tation and concentrating the viruses. 

12. The process ofclaia 3 wherein the viruses are 
inactivated by adding a virus -inactivating amount of 

p~propionolactoae or tri-tn-butyl ) phosphate. 

13. The prooeas of claim 1 further comprising 
placing sai<3 viruses in a sterile vial and 

freere-drying thereof, 

14. A rabies vaccine comprising inactivated rabies 
viruses which are substantially myelin -free in an amount 
effective to elicit an Immunol ogiring response when 
administered to a subject. 

15* Tne rabies vaccine of claim 14 haviag at least 10 
antigen value units per rog of nitrogen, 

15. The rabies vaccine of claira 14 in dosage unit form. 
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17 . A rabies vaccine comprising attenuated rabies 
viruses obtained by the process of claim 1, said vaccine 
being substantially myelin -free and said viruses belli? 
present In an amount effective to elicit an injpninlzing 
response when administered to a subject. 

Id. r Abies vaccine of claim 17 having at least 10. 

antigen value unitB per mg of nitrogen* 

19, The rabies vaccine of claim 14 in dosage unit form. 

20. X process for obtaining attenuated rabies viruses 
comprising 

inoculating a poultry embryo egg vitii vnole live rabiea 
viruses; 

allowing for said viruses to multiply; 

oconmlnuting th* embryo from tlie poultry egg to obtain a 
cell suspension; said comminution being conducted in the 
absence of a mixer to preserve the integrity of the viruses r 

eeparating live whole viruses from the cell suspension; 

delipidatlng ,the live whol« viruses; and 

selectively concentrating the viruses; wherein steps (1) 
through (4} are performed at least once and up to 3 
times: said viruses bein? substantia lly myelin- free. 
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21, The process at claim 20 further comprioing inocu- 
lating thf viruses. 

22. The process of claim 20 further comprising conduct- 
ing the following steps at least once prior to inoculating 
the poultry embryo 

intracerebral ly inoculating an eaperiroental animal with 
live whole rabies viruses; 

al lowing fox the viruses to multiply; and 
separating live vholo viruses iron brain tissue. 

2J. The process of claim 20, wherein toe attenuated 
virucee axe selectively concentrated by density gradient 
centrifugal ion or precipitation with a polyethylene glycol, 

24. The process of claim 20, wherein the viruses are 
separated trssn the coll suspension by washing. and suspending 
thereof in a physiological huff ex solution pH about 7 to B« 

25, The prpCG&s of claim 20 wherein the vLruees are 
delipidated by adding a liquid water -immiscible organic 
solvent, 

26* The process of claim 25 , wherein the solvent is 
a hydrocarbon selected frcoo the group consisting of liquid,, 
vclative hydrocarbons or halogen a ted hydrocarbons. 
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27. The process of claim 26 wherein the del ipi dating 
hydrocarbon is on h&logenated hydrocarbon. 

28 . The- process of claim 26 wherein the hydrocarbon is 
selected from the group consisting of a petroleum ether, 
fluoridated or chlorinated etliane and hooologues thereof * 

2S. The process of claim 28 wherein the petroleum ether 
is heptane k 

30. The process d£ claim 22 wherein the experimental 
animal is selected from the group consisting of jJiica. rats, 
rabbits and aheep. 

31. The process of claim 21 wherein the viruses are 
inactivated by adding a virus -inactivating, amount of 

prop iono lac tone or txi- In- butyl) phosphate* 

32. She process of claim 20 further comprising pre- 
cipitating and concentrating the viruses ► 

33. The process of cl&itt 20 wherein the embryonic 
poultry eggs are se lac tad fx cm the group consisting of 
embryonic duck, chicOcen and guail eggs. 
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34. 



The prooeea, of claim 20 further comprising 
placing said virusoa in in *t«rile vial and 



tt eete -drying thereof* 

35. Th« procsRfl oi claim 20 whaxein th« cell *uspensioxL 
containing ttie viruses iff obtained by ctatcninating th* beads 
of the embryos* 

36. A rabies vaccine cotfftprifling inactivated rabies 
viruses obtained by the process of clain so $aid vaccina 
being substantially myelin- free And s a Id viruses being 
present in an amount effective to a lie it an ijwnuniiing 
response when administered to a subjeot. 

37. The rabies vaccine of claim 36 containing at least 
10 antigen value unite per rag of nitrogen* 

3d, The rabies vaccine of claim 36 in dosage unit form. 
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P a t en tans prUc he 



1.. Verfahren zur Bntfernung von lipophilen Stoffen aus 
wassrigen LBsungen, insbesondere aus biologischen 
FlUssigkeiten, bei dem die zu reinigende LcJsung und 
die ReinigungsflUssigkeit durch eine Membran getrennt 
5 sind und an dieser vorbeigeftlhrt werden, d a - 

durch gekennzeichnet, dafl man als 
ReinigungsflUssigkeit ein lipophiles LBsungsmittel 
einsetzt . 

10 2. Verfahren nach Anspruch 1, dadurch ge- 
kennzeichnet, dafl man als Reinigungs- 
flUssigkeit eine FlUssigkeit einsetzt, die die abzu- 
trennenden Stoffe besser lost als die vassrige Losung. 

15 3. Verfahren nach Anspruch 1 oder 2, dadurch 

gekennzeichnet, dafl man eine pharmako- 
logisch unbedenkliche ReinigungsflUssigkeit einsetzt. 

if* Verfahren nach einem der AnsprUche 1-3, d a - 
20 durch gekennzeichnet, dafl man als 

ReinigungsflUssigkeit eine in Wasser im wesentlichen 

efton to Pi ci KIT** ZWBCBORO &>w PASSAU 
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1 nicht losliche FlUssigkeit einsetzt. 

5. Verfahren nach einera der Ansprttche 1-4, da-, 
durch gekennzeichnet, dafi man als 

5 Reinigungsfltissigkeit hydrophobe organische Stoffe, 

h&herkettige Kohl enwass erst of f e, Paraf fine, Isoparaf- 
fine, halogenierte Kohl enwass ers toff e, Ether, hOher 
oxigenierte Kohl enwass erst of f e, SiliconBle, Die tie- 
rischen und pflanzlichen Ursprungs, Naphtene und/oder 
10 Aroma ten mit einem Molekulargewicht bis 1000 einsetzt. 

6. Verfahren nach Anspruch 5, dadurch g e - 
kennzeichnet, daft man stark raffinierte 
Min eraltJle, Ole pflanzlichen und/oder tierischen Ur- 

15 sprungs, die stark hydriert sind, dimethylierte Sili- 

cone und/oder perhalogenierte Kohl enwass erst of f e ein- 
setzt. 

7. Verfahren nach Anspruch 5 oder 6, dadurch 

20 gekennzeichnet, dafi man als Reinigungs- 

fltlssigkeit BaumwollsaatBl, LeinBl, OlivenOl, RUbtJl, 
Sojabohnenol, SpermOl und/oder Paraf fintJl einsetzt. 



8. Verfahren nach Anspruch 7, dadurch g e - 
25 kennzeichnet, dafi die Reinigungsf ltlssig- 

keit in gesattigter Form vorliegt. 



30 



35 



9. Verfahren nach einem der Ansprttche 1 - 8 , da- 
durch gekennzeichnet, dafi die 
Reinigungsfltlssigkeiten eine Viskositat von 0,1 - 150, 
insbesondere 10-80 cSt aufweisen. 

10. Verfahren nach einem der Ansprtiche 1-9, d a - 

durch gekennzeichnet, dafi man der 
Reinigungsf lllssigkeit .die Verunfeinigungen abfangende 
Mattel zuset2t. 
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11. Verfahren nach Anspruch 10, d a d u r c h g e - 
kennzeichnet, daBmanals Ammoniak abfan- 
gende Mittel Verbindungen mit einer oder mehreren Car- 
boxylgruppen einsetzt. 

12. Verfahren nach Anspruch 10 oder 11, d a d u r c h 
gekennzeichnet, dafl man als Animonxak 
abfangende Mittel hOhere Fettsauren oder Dicarbonsau- 
re n einsetzt, die ggf. mit einer Carboxylgruppe mit 
Glycerin verestert sind. 

13. Verfahren nach Anspruch 12, d a d u r c h g e - 
kennzeichnet, daflmanals Ammonia* ab- 
fangende Mittel Glycerinbernsteinsaureester, Oxal- 
essigsaure und/oder Zitronensaure einsetzt. 

14. Verfahren nach einem der Anspruche 1 - 13, d a - 
d u r c h g e k e n n z e i c h n e t , dafl die 
polymere Membran von der zu reinigenden vassngen 
Losung oder der Reinigungsf lUssigkeit benetzt wird, 
wobei die Poren der Membran und ggf. die der anderen 
Flussigkeit zugewandte Flache der Membran von der be- 
netzenden Flussigkeit benetzt werden. 

15. Verfahren nach Anspruch 1 oder U, d a d u r c h 

g e k e n n z e i C h n e t , dafl man als Polymeri- 
sate fur die Membran regenerierte Cellulose, Cellu- 
loseacetat, Polyvinylalkohol , Polyacrylsaure sowie 
deren Ester, Polyacrylsaurenitril , Poly(aromatische)_ 
amide, Polycarbonat. Polysulfone, Polyether, Poly- 
ethylen, Polypropylen, Polybutene, Polyurethan, Poly- 
isobutylen, Polystyrol, Polyvinylether, Polyvinyl- 
ester oder.PTFB einsetzt. 

1 6. Verfahren nach Anspruch 1, 14 oder 15, dadurch 
gekennzeichnet, dafl die polymere Mem- 
bran eine Dicke von 1 - 500, vorzugsweise 5 - 300, 
insbesonaere 10 - 100 /urn aufweist. 
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7. Verfahren nach Anspruch 1 oder 15-16; d a - 
durch gekennzeichnet, daB der 
mittlere Porendurchmesser der polymeren Membran 50 A - 
10 urn, vorzugsweise 0,01-1 um, insbesondere 0,05 - 
0,5 um betragt. 

B. Vorrichtung 2ur Durchfiihrung des Verfahrens nach An- 
spruch 1, gekennzeichnet durch 
einen Behalter (12, 46), der durch wenigsteris eine 
polymere Membran (18, 4 8) in einer erste Behalterhalf - 
te (14, 50) und eine zweite Behalterhalf te (16, 52) 
geteilt ist, wobei beide Behalterhalften (14, 16, 50, 
52) je eine Zulauf leitung (20, 24, 56, 64) und eine 
Ablaufleitung (22, 26, 60, 68) aufweisen und die erste 
Behalterhalf te (14, 50) die zu reinigende wassrige 
Losung (30) aufweist und die zweite Behalterhalf te 
(16, 52) mit der Reinigungsf lussigkeit (38) beauf- 
schlagt ist, die ein lipophiles Losungsmittel dar- 
stellt. 

. Vorrichtung nach Anspruch 18, dadurch ge- 
kennzeichnet, daB die zweite Behalterhalf- 
te (16, 52) mit einem Reservoir (66) zura Einspeisen 
der Reinigungsf lussigkeit verbunden ist. 

• Vorrichtung nach Anspruch 18 Oder 19, dadurch 
gekennzeichnet, daB die zweite Behalter- 
halfte (16, 52) mit einem Filter (78) zum Reinigen der 
Reinigungsf lussigkeit verbunden ist. 

. Vorrichtung nach einem der Ansprviche 18-21, da- 
durch gekennzeichnet, daB in der 
Leitung (64) eine Einrichtung (72) zur Erzeugung eines 
Druckgef alles angeordnet ist. 

. Vorrichtung nach Anspruch 21, dadurch ge- 
kennzeichnet, daB die Einrichtung (72) 
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17. Verfahren nach Anspruch 1 oder 15-16, d a - 
durch gekennzeichnet, dafl der 
raittlere Porendurchmesser der polymeren Merafcran 50 A - 
10 urn, vorzugsweise 0,01-1 um, insbesondere 0,05 - 
0,5 um betragt . 

18. Vorrichtung zur Durchfuhrung des Verfahrens nach An- 
spruch 1, gekennzeichnet durch 
einen Behalter (12, 46), der durch wenigstens eihe 
polytnere Membran (18, 48) in einer erste Behalterhalf - 
te (14, 50) und eine zweite Behalterhalfte (16, 52) 
geteilt ist, wobei beide Behalterhalf ten (14, 16, 50, 
52) je eine Zulauf leitung (20, 24, 56, 64) und eine 
Ablaufleitung (22, 26, 60, 68) aufweisen und die erste 
Behalterhalfte (14, 50) die zu reinigende wassrige 
Losung (30) aufweist und die zweite Behalterhalfte 
(16, 52) mit der Reinigungsf liissigkeit (38) beauf- 
schlagt ist, die ein lipophiles Losungsmittel dar- 
stellt. 

19. Vorrichtung nach Anspruch 18, dadurch ge- 
kennzeichnet, dafl die zweite Behalterhalf- 
te (16, 52) rait einem Reservoir (66) zum Einspeisen 
der Reinigungsf liissigkeit verbunden ist. 

20. Vorrichtung nach Anspruch 18 oder 19, dadurch 
gekennzeichnet, daB die zweite Behalter- 
halfte (16, 52) rait einem Filter (78) zum Reinigen der 
Reinigungsf liissigkeit verbunden ist. 

21. Vorrichtung nach einem der Anspriiche 18 - 21, da- 
durch gekennzeichnet, dafl in der 
Leitung (64) eine Einrichtung (72) zur Erzeugung eines 
Druckgef alles angeordnet ist. 

22. Vorrichtung nach Anspruch 21, dadurch ge- 
kennzeichnet, dafl die Einrichtung (72) 
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uber eine Leitung (76) mit einero Drucksensor (74) 
yerbunden und hierdurch steuerbar ist. 

5 



10 



15 



"20 



25 



35 
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Verfahren zur Bntfernung 
wassrigen LOsungen so vie 
des Verfahrens 



von lipophilen S toff en aus 
Vorrichtung zur Durchfuhrung 



10 



Die Brfindung betrifft ein Verfahren zur Bntfernung von 
lipophilen Stoffen aus wassrigen Lttsungen, insbesondere 
aus biologischen FlUssigkeiten, bei dem die zu reinigen- 
de Losung und die * Reinigungsf lUssigkeit durch eine Mem- 
bran getrennt sind und an dieser vorbeigefUhrt werden, 
und eine Vorrichtung zur DurchfUhrung des Verfahrens. 
Sie betrifft insbesondere ein Verfahren zur Bntfernung 
von lipophilen, in KOrperf lUssigkeiten gelOsten Schad- 
s toff en, das extrakorporal durchgefUhrt werden kann. 

1 5 Zahlreiche, fUr den xnenschlichen Organismus toxische 
Stoffe sind lipophiler Natur und kOnnen daher ira we- 
s en t lichen nicht Uber die Niere ausgeschieden werden, 
sondern mUssen in der Leber metabolisiert werden. Dabei 
werden sie haufig in ein wasserlOsliches Produkt umge- 

20 wandelt, das anschlieSend Uber die Niere ausgeschieden 
werden kann. 

Dieser Metabolismus fallt jedoch aus, wenn es zu einem 
akuten Leberversagen kommt, beispielsweise durch eine 

!!l^S t r' , S^^SSSIS, g^gRO^OPASSAU 
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1 Brkrankung der Leber oder eine ArzneimittelUberdosis . 
Durch das Leberversagen treten hohe Spiegel endogener 
Toxine auf , die wiederum cerebrale Funktionen hemraen, 
komatOse Zustande verursachen und Uberdies die Bntgiftungs- 

5 funktion der noch intakten Leberzellen hemmen. Der sich 
hierdurch standig hochschaukelnde ProzeB ftthrt letztlich 
zum Tod des Patienten. 

In der Leber werden lipophile Toxine, beispielsweise 
10 Phenole, Merkaptane und Fettsauren, durch chemische Um- 
wandlung (Hydroxilierung und Konjugierung) enzymatisch 
in den wasserlOslichen Zustand UberfUhrt. Im Uberwiegen- 
den Mafl werden diese Stoffe an die Glucuronsaure mit Hil- 
fe von Uridindiphosphoglucuronyl transferase (UDPGT) in 
15 Form der Glucuronide gekoppelt, die wasserlOslich sind 
und Uber die Niere ausgeschieden werden kOnnen. 

Bs wurden zahlreiche Versuche unternommen, diese enzyma- 
tische Umwandlung zur Bntfernung der Toxine nutzbar zu 
20 machen. Der Binsatz von Leberhomogenaten, Gewebsscheiben 
oder von ganzen Tierlebern fUhrte nicht zu dem gewunsch- 
ten Brfolg, da diese entweder schnell ihre Funktion ver- 
loren oder den Toxinaustausch, wenn uberhaupt f nur sehr 
verzBgert zuliefien. 

25 . ' 

Man schlug daher den Binsatz von Adsorbenzien, insbeson- 
dere von Aktivkohle vor, also den venaehrten Binsatz der 
Hamoperfusion (vgl- Brunner u, Schmidt, Artificial Liver 
Support, Springer-Verlag, Berlin, 198 1, S.46 ff). Bei 

30 dies em Verfahren, das hochgradig unspezifisch ist, wer- 
den nicht nur Toxine, sondern auch eine auBergewOhnlich 
hphe Zahl von lebenswichtigen Substanzen aus den 'Blut 
entfernt. So sinkt beispielsweise der Spiegel der im 
Blut befindlichen Hormone nahezu auf Null ab, so daB die 

35 schaden einer solchen Behandlung grCBer sind als ihr 
Nutzen* 
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Brkrankung der Leber Oder eine ArzneimittelUberdosis. 
Durch das Leberversagen treten hohe Spiegel endogener 
Toxine auf f die wiederum cerebrale Funktionen hemraen, 
komatOse Zustande verursachen und Uberdies die Bntgiftungs 
funktion der noch intakten Leberzellen henmen. Der sich 
hierdurch standig hochschaukelnde ProzeB ftlhrt letztlich 
zum Tod des Patienten. 

In der Leber verden lipophile Toxine, beispielsweise 
Phenole, Merkaptane und Fettsauren, durch chemische Uro- 
wandlung (Hydroxilierung und Konjugierung) enzymatisch . 
in den vasserlOslichen Zustand ttberftlhrt. Im ttberviegen- 
den Mafi verden diese Stoffe an die Glucuronsaure mit Hil- 
fe von Uridindiphosphoglucuronyl transferase (UDPGT) in 
Pom der Glucuronide gekoppelt, die vasserlOslich sind 
und Uber die Niere ausgeschieden werden kOnnen. 

Bs wurden zahlreiche Versuche unternommen, diese enzyma- 
tische Umwandlung zur Bntfernung der Toxine nutzbar zu 
machen. Der Binsatz von Leberhomogenaten, Gevebsscheiben 
Oder von ganzen Tierlebern ftthrte nicht zu dem gewtlnsch- 
ten Brfolg, da diese entweder schnell ihre Funktion ver- 
loren oder den Toxinaustausch, wenn Uberhaupt, nur sehr 
verzCJgert zulieflen. 

Man schlug daher den Binsatz von Adsorbenzien, insbeson- 
dere von Aktivkohle vor, also den vermehrten Binsatz der 
Hamoperfusion (vgl. Brunner u. Schmidt,- Artificial Liver 
Support, Springer-Verlag, Berlin, 1981, S.46 ff). Bei 
diesem Verfahren, das hochgradig unspezifisch ist, wer- 
den nicht nur .Toxine, sondern auch eine auBergewBhnlich 
hohe Zahl von lebenswichtigen Substanzen aus dem'Blut 
entfernt. So sinkt beispielsweise der Spiegel der im 
Blut befindlichen Hormone nahezu auf Null ab, so da£ die 
Schaden einer solchen Behandlung grOfler sind als ihr 
Nutzen. 
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1 Bin Verfahren der eingangs erwahnten Art stellt die Hamo- 
dialyse dar, bei der die KdrperflOssigkeit Blut an der 
einen Seite einer Membran vorbeigeftthrt wird, deren ande- 
re Seite von einer wassrigen DialyselOsung tunsptllt wird, 
5 Inf olge des Konzentrationsunterscfaieds zwischen dies en 
be id en, durch die Membran getrennten wassrigen FlUssig- 
keiten diffundieren die zu entfernenden wasserlOslichen 
Stoffwechselprodukte, beispielsweise Harnstoff u.dgl. 
durch die Membran und verden von der wassrigen Dialyse- 

10 10s ung abtransportiert. Da auf beiden Seiten wassrige 
Flussigkeiten vorliegen, konnen im Bliit solubilisierte, 
lipophile Substanzen in aller Regel nicht durch die Mem- 
bran in die DialyselOsung diffundieren, die ira wesentli-. 
chen nur Blektrolytsalze aufweist und samit keine solubi- 

^ lisierenden Eigenschaf ten besitzt, 

Auch mit der Hamof iltration kann dieses Problem nicht ge- 
lOst werden, da an der Membran lediglich Wasser abgepreBt 
wird, die nur wasserlOsliche Bestandteile mit sich ftthrt. 
20 Bs bleiben also die lipophilen Bestandteile im Blut zu- 
rUck, so dafi auch hi er durch keine Abtrennung erfolgen 
kann. 

Bs vurden daher Versuche mit einem Fltlssigmembranenzym- 
25 reaktor (vgl. vorstehende Monographic, S« 219) unternom- 
men, urn mit der F lus s i gmembran t echnik lipophile Substan- 
zen, beispielsweise Lebertoxine, zu entfernen. Dabei wird 
durch spezielle Verf ahr ensweis en eine Flussi gmembran 
zwischen der zu reinigenden LOsung und der ReinigungslB- 
30 sung angeordnet, ublicherweise in Form einer Emulsion, 

deren TrOpfchen die Reinigungsf lussigkeit eingeschlossen 
enthalt, wobei die Tropf enoberflache durch die FlUssig- 
membran gebildet wird. Diese Fltlssigmembran besteht Ub- 
licherweise aus einem nicht in Wasser lOslichen, die 
35 lipophilen Stoffe jedoch gut lOsenden LBsungsmittel, 

beispielsweise unpolaren Flussigkeiten, vie Paraffin u. ; 
dgl. Derartige Flus s i gmembran en und Verfahren zu ihrer 
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1 Bin Verfahren der e in gangs erwahnten Art stellt die Hamo- 
dialyse dar, bei der die KdrperflUssigkeit Blut an der 
einen Seite einer Membran vorbeigefUhrt wird, deren ande- 
re Seite von einer vassrigen DialyselOsung inns pU It vird. 
5 Infolge des Konzentrationsunterschieds zwischen dies en 
beiden, durch die Membran getrennten wassrigen Flussig- 
keiten diffundieren die zu entfernenden wasserlOs lichen 
Stof fwechselprodukte, beispielsweise Harnstoff u.dgl. 
durch die Membran und werden von der wassrigen Dialyse- 

10 itjsung abtransportiert. Da auf beiden Seiten wassrige 
FlUssigkeiten vorliegen, konnen im Blut solubilisierte, 
lipophile Substanzen in aller Regel nicht durch die Mem- 
bran in die DialyselOsung diffundieren, die im wesentli-. 
chen nur Blektrolytsalze aufweist und somit keine solubi- 

15 lisierenden Bigenschaften besitzt. 

Auch mit der Hamofiltration kann dieses Problem nicht ge- 
lOst werden, da an der Membran lediglich Wasser abgeprefit 
wird, die nur wasserlOsliche Bestandteile mit sich ftthrt. 
20 Bs bleiben also die lipophilen Bestandteile im Blut zu- 
rUck, so daB auch hierdurch keine Abtrennung erfolgen 
kann. 

Bs wurden daher Versuche mit einem Flttssigmembranenzym- 
^ reaktor (vgl. vorstehende Monographic, S. 219) unternom- . 
men, urn mit der FlUssigmembrantechnik lipophile Substan- 
zen, beispielsweise Lebertoxine, zu entfernen. Dabei vird 
durch spezielle Verf ahrensweis en eine Flussigmembran 
zwischen der zu reinigenden LOsung und der ReinigungslO- 
sung angeordnet, Ublicherweise in Form einer Bnulsion, 
deren TrOpfchen die ReinigungsflUssigkeit eingeschlossen 
enthalt, wobei die Tropf enoberflache durch die Flussig- 
membran gebildet wird. Diese Flussigmembran besteht Ub- 
licherweise aus einem nicht in Wasser lOslichen, die 
lipophilen Stoffe jedoch gut lOsenden LBsungsmittel, 
beispielsweise unpolaren FlUssigkeiten, wie Paraffin u. ; 
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dgl. Derartige FlUssigmembranen und Verfahren zu ihrer 

Cmu'NponJcna- BnvbaiK OHkv HKI.MIT A. F.IC HBLROKR * ALISON M. \k\lil L W * c.INT 

GPU Bo. KP4 I,vcl 2.. MLC buildin, " ^Tl^ ^ ' ^» 

l:t7 QLD 401)1 ^G«»I«W Bnsb^nc tL ,sA M,,rr,HKON . !^ 

' Waiia QLD 4000 Australia . Rwna***..rm.h>ai - uiihviin* msy 

Officii Tclcphiim- +61 7 3011 i5» IAS d.- low ■ w s/m B « »wir* 

Brisbane L +61 ? 3221 S?61 H rh " """^ MKAU Hm vv ^™ 1)1 AK 

Goid Cl,lsr +61 - 3229 659R „ ™. «., 1 ,, > .Hr „ m 

hmjil nuil(fi i.-u!lrn<>.aim.jii ... ,„ , ltl . v., . . 

ARN 16 25I0.SVI" ftAW- uwu-.,ullrm.com..,u "V * " ^^'^ < — - 



10 



15 



*r<^-* ■ - 3310263 
CULLCN&CO. 

— Piitcnuv Trjdc Murk Atiorncw— . . Ti-4-*»n+_ 

Herstellung sind beispielsweise in den deutschen Patent- 
S chriften 16 19 867. 22 22 067, 25 18 742, 2^ 48 098, 
24 34 550 sowie den US-PSen 34 10 794, 37 79 907 u.dgl. 
beschrieben. 

to vorstehenden Enzymreaktor wird elne wassrige LOsung, 
die die abzutrennende lipophile Substanz enthalt, mit 
einer Emulsion veimischt, die, vie vorstehend erlautert, 
aus einer Vielzahl von TrOpfchen besteht, deren Oberfla- 
che die Fltlssigmembran aufweist. Als Reini gangs 10s ung. 
enthalten diese Tropfchen beispielsweise eine BnzymlO- 
sung, die die lipophilen Substanzen in eine wasserlOs- 
liche Form uberfUhren kann. Legt man beispielsweise Phe- 
nol oder Naphtol in flUssiger LOsung vor und vermscht 
diese LOsung mit dieser Emulsion, so stellt man fest, 
dafl das lipophile Phenol die lipophile FlUssigmembran. 
schicht durchdringt, von der Enzymphase aufgenommen und 
in dieser durch entsprechende enzymatische Umvandlung in 
ein hydrophiles Reaktionsprodukt umgewandelt wird, das 
nicht mehr durch die hydrophobe Membran rttckdiffundieren 
kann. Somit kann eines der schadlichsten Toxine aus dem 
System durch Bxtraktion mit Hilfe einer .FlUssigmembran 
entfernt werden. 

25 obwohl die Bxtraktion mit der Flttssigmembrantechnik zu- 
nachst als besonders vorteilhaft erscheint, weist sie 
den Nacvteil auf, dafi die eingesetzten Bmulsionen na- 
. turlicl von dem zu reinigenden System abgetrennt werden 
mtt ssen i as zunachst einen zusatzlichen Arbeitsschritt 

■30 darste*' 1 1 ' 

Die At ennung der Emulsion erfolgt entweder durch die 
naturli-che Trennung zweier Phasen, durch Zentrifugieren 
oder durch Zusatz eines emulsionbrechenden Mittels. 
Wahrend im ersten Fall nicht sichergestellt ist, daB 
Restbestande der Emulsion in dem zu reinigenden System 
surtlckbleiben, wird im zweiten Fall das gesamte System 
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1 bel biologischen Fltissigkeiten, vie Blut, zur ZerstOrung- 
dor BlutkOrperchen ftthren. Auch der Binsatz von emul- 
sionsbrechenden Mitteln 1st bei biologischen Fltissigkei- 
ten nicht angebracht, da diese selhst im wesent lichen 

5 toxisch sind und somit fur diese Zwecke nicht eingesetzt 
werden ktJnnen. 

Auch die nattlrliche Trennung der Emulsion von einem wass- 
rigen System hat sich gerade bei biologischen FlUssigkei- 
10 ten als nicht durchftlhrbar erwiesen, da die Folgeerschei- 
nungen nicht zu Ubersehen sind, wenn derartige Flussig- 
keitsmembran-Emulsionen direkt mit Blut in BerUhrung ge- 
bracht werden und evtl, Restbestande der die Fltlssigmem- 
bran bildenden Flussigkeit im Blut zurUckbleiben. 

15 

Demzufolge liegt der Erfindung die Aufgabe zugrunde, ein 
Verfahren der ein gangs erwahnten Art zu s chaff en, mit 
dem kontinuierlich lipophile Stoff e aus einem wassrigen 
System entfernt werden kOnnen, ohne da£ eine Vermischung 
20 des wassrigen Systems mit der zu extrahierenden Flussig- 
keit stattfindet. 



Weiterhin liegt der Erfindung die Aufgabe zugrunde, eine 
Vorrichtung zur VerfUgung zu stellen, mit der das vor- 
25 stehende Verfahren durchftlhrbar ist* 

Diese Aufgaben werden durch die Erfindung gel&st. 

Gegenstand der Erfindung ist ein Verfahren zur Bntfernung 
30 von lipophilen Stof fen aus vassrigen LOsungen, insbeson- 
dere aus biologischen Flussigkeiten, bei dem die zu rei- 
nigende LOsung und die Reinigungs flussigkeit durch eine 
Membran getrennt sind und an dieser vorbeigefuhrt werden 
und die dadurch gekennzeichnet ist, daB man als Reini- 
35 gungs flussigkeit ein lipophiles LOsungsmittel einsetzt. 



Das erf indungs gemaBe Verfahren weist zunachst im wesent- 
cpo box ,ot4 lichen 4W2^ft»n^ &ie Mfctf^ft ^ - - - 
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Pausaigmembrantechnik auf , ohne jedoch desseh Nachteile 
zu besitzen. Es werden also hochselektiv lipophile Stoffe 
aus wassrigen LOsungen abgetrennt und aus dem gesamten 
System entfernt. 

Es weist gegenuber der Pltissigmembrantechnik den Vorteil 
auf, dafl keine Bmulsionen hergestellt werden mUssen, dafl 
also die Einverleibung der Reinigungsf lUssigkeit in eine 
PlUssigmerabranphase entfallt und auch keine Bmulsionen 
mit der 2U reinigenden LOsung vermischt werden raussen. 
Damit entfallt auch eine Abtrennung der Emulsion von dem 
zu reinigenden System, so dafi keine schadlichen Wirkungen 
auftreten kennen. 

Das erfindungsgemafle Verfahren ward f olgendermaflen durch- 
gef Uhrt : 

Die zu reinigende wassrige Losung, beispielswei se Korper- 
fliissigkeiten, wie Blut f wird an einer polymeren Membran 
entlanggefiihrt, wobei es moglich ist, eine Membran mit i 
polaren Oder unpolaren Eigenschaf ten einzusetzen. Dieser 
Verfahrensschritt unterscheidet sich im wesentlichen 
nicht von der Flussigkeitsf iihrung auf der Blutseite bei ' 
der Hamodialyse oder Hamof iltration. 

AUf der anderen Seite der Membran wird jedoch im Gegen- 
satz zur Hamodialyse, bei der ein *wassriges System ein- 
gesetzt wird, als Reinigungsf lUssigkeit ein im wesentli- 
chen lipophiles LOsungsmittel eingesetzt, dessen LOsungs- 
verraOgen fur lipophile Stoffe erheblich Uber dem von Was - 
ser liegt. 

An der hydrophoben Membran entsteht durch das Vorbeilei- 
ten unterschiedlicher PlUssigkeiten eine Phasengrenz- 
schicht, da die Membran eine Barriere darstellt und in 
einer bevorzugten Aus fUhrungs form die beiderseitig vor- 
liegenden FlUssigkeiten ineinander im wesentlichen nicht 
Ids bar sind. Aufgrund des vorliegenden Konzentrations- 
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1 gefalles permeieren die im wassrigen System, beispiels- 
weise Blut r vorliegenden lipophilen Substanzen, beispiels- 
weise die vorstehend genannten Lebertoxine, durch die 
hydrophobe Membran und durch die Phasengrenzschicht und 

5 werden von der Reinigungsf lUssigkeit aufgenommen, die die- 
se Stoffe erheblich besser solvatisiert als die wassrige 
LOsung. 

AnschlieBend wird die Reinigungsf lussigkeit entweder so- 
10 lange im Kreis gefUhrt, bis ihre Aufnahraefahigkeit fur 

die lipophilen Substanzen erschOpft ist, also das Konzen- 
trationsgefalle zwischen den beiden Flussigkeiten ausge- 
glichen ist, und anschlieflend ausgetauscht oder aber wah- 
rend der Bxtraktion der lipophilen Substanzen stetig von 
15 diesen befreit, beispielsweise durch Adsorption dieser 

Substanzen an entsprechenden Adsorbenzien, elektrochemi- 
sche Abtrennung, chemische Umsetzung oder Ausfallung die- 
ser Substanzen u.dgl. 

20 Nach der Behandlung mit dem erf indungsgemaBen Verfahren 

ist die zu reinigende FlUssigkeit im wesentlichen von den 
abzutrennenden lipophilen Stoffen befreit und kann 
wunschgemaB wieder eingesetzt werden. 

25 Bs spiel t dabei, wie vorstehend erlautert, keine nennens- 
werte Rolle, welche Polaritatseigenschaf ten eine Membran 
besitzt, sofern sichergestellt ist, dafi wenigstens eine 
der beiden Flussigkeiten die Membran benetzt. Da im Re- 
gelfall Wasser als polares LOsungsmittel auf der Seite 

30 der zu reinigenden LOsung und ein unpolares LOsungsmit- 
tel, das in Wasser im wesentlichen nicht lOsbar ist, vor- 
liegen, wird eine dieser Flussigkeiten die Membran be- 
netzen, so dafi die MerabranOf fnungen durch eines der bei- 
den LOsungsmittel geftillt ist. Da die benetzende Flussig- 

35 keit zugleich in aller Regel in einem dUnnen Film auf 

die unmittelbar der anderen FlUssigkeit zugewandten Ober- 
flache der polymeren Membran aufziehen wird, stehen die 
beiden Flussigkeiten in Form einer im wesentlichen zwei- 
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1 dimensional en Grenzschicht unraittelbar in BerUhrung, so 
daB die zu extrahierenden lipophilen Stoffe aus der wass- 
rigen LOsung in die Reinigungsf lUssigkeit diffundieren 
und s omit entfernt werden konnen. 

5 

Nach der Reinigung kann die Membran bzw. ein aus einer 
Vielzahl von Merabranen hergestelltes Filter wie die Rei- 
nigungsf lUssigkeit weggeworfen werden, ohne daB es einer 
speziellen Aufbereitung bedttrfte. 

10 

Weitere Einzelheiten, Merkmale und AusfUhrungsf onnen sind 
in der Zeichnung unter Bezugnahme auf die Beschreibung 
erlautert. 

15 Es zeigen 

^ eine schematische Darstellung der Reinigungseinheit 
der Brfindung 

2 einen vergrdflerten Ausschiiitt aus der Reinigungs- 
einheit unter Darstellung der benetzten Membran 

3 einen weiteren vergroflerten Ausschnitt aus der 
Reinigungseinheit gem&B der Brfindung unter 
Herausstellung der benetzten Membran 
und 

4 eine schematische Ansicht der erf indungsgeraaBen 
Vorrichtung zur Reinigung von wassrigen LOsungen. 

Zu den in wassrigen LOsungen gelOsten Stoffen, die nach 
30 dem Verfahren der Brfindung abgetrennt werden konnen, 

gehoren im wesentlichen lipophile Stoffe, die anorgani- 
scher oder organischer Art sein konnen. Unter lipophilen 
Stoff enwerden auch solche Stoffe verstanden, die glei- 
chermaBen in polar en und unpolaren FlUssigkeiten lOslich 
35 sind. Bs sind sogar solche Stoffe darunter zu verstehen, 
die erheblich besser in Wasser lOslich sind als in un- 
polaren LOsungsmitteln, Jedoch noch in den letzteren 
eine begrenzte LOslichkeit besitzen. Die Grenze ist je- 
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doch dann erreicht, wenn bei der Durchftlhrung des erfin- 
dungsgemaBen Verfahrens praktisch keine nennenswerte Bx- 
traktion der zu extrahierenden Stoffe mehr stattfindet. 
Dabei spielt es erfindungsgemaB keine wesentliche Rolle, 
ob diese Stoffe neutral, sauer oder basisch sind, sofern 
sie in der Reinigungsf lUssigkeit zumindest im geringen 
Umfang lOslich sind. 

Bei Verwendung von Blut als zu reinigender Phase, bei- 
spielsweise zur Abtrennung der beim Leberversagen auftre- 
tenden Toxine oder von dera Blut gelosten Arzneimitteln, 
wird man als Reinigungsf lUssigkeit eine solche FlUssig- 
keit wahlen, die einerseits die Toxine wenigstens etwas 
zu solvatisieren vermag, andrerseits jedoch fUr den Pa- 
tienten unschadlich ist und das Blut nicht angreift. Ins- 
besondere werden solche FlUssigkeiten eingesetzt, die ein 
erheblich bes seres LBsungsvermOgen gegenUber den zu ex- 
trahierenden Stoffen aufweisen als das Blut selbst 
und Uberdies aus pharmakologischen Gesichts punk ten unbe- 
denklich sind. Besonders bevorzugt sind als Reinigungs- 
mittel der eben erwahnten Art solche Losungsmittel, die 
in Wasser nicht loslich sind. Unter in Wasser nicht los- 
lichen Losungsmitteln werden solche Losungsmittel ver- 
standen, die in Wasser hochstens zu 1 - 2 Vol.-* lOslich 
sind. Hierzu gehOren hOherkettige Kohlenwass erst off e, 
beispielsweise Paraffine oder Isoparaff ine, halogenierte 
Kohlenwasserstoff e, Ether, hohere oxigenierte Verbindun- 
gen, vie Alkohle, Ketone, Sauren und Ester. Weiterhin 
konnen hierfUr SiliconOle, Ole pf lanzlichenund tieri- 
schen Ursprungs, Naphtene und Aromaten mit einem Moleku- 
largewicht bis 1000 verwendet werden. 

Bevorzugt sind fur die Anwendung beim Menschen stark 
raffinierte MineralOle, zu denen auch die Paraff inkoh- 
lenwasserstoffe gehOren. Weiterhin konnen Ole pflanzli- 
chen und tierischen Ursprungs, wie SoJabohnenOl, Baum- 
wollsaatol u.dgl. eingesetzt werden. Diese Ole konnen 
auch ira stark hydrierten Zustand in vorteilhafter Weise 
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Quantitation of lipid profiles from isolated serum lipoproteins 
using small volumes of human serum. 

Bloom RJ, Elwood JC 

Methodology is described that isolates the individual serum lipoproteins, VLDL, LDL and HDL and 
quantitates the free cholesterol, esterified cholesterol, triglycerides and phospholipid classes in each 
fraction using 2-3 mL of serum. The determination of the methyl esters of fatty acids from the various 
lipid classes is described. The lipoproteins are isolated by non-linear density ultracentrifugation using 1 
mL of serum per swinging bucket. The lipids are obtained by solvent extraction. The cholesterol 
cholesterol esters and triglycerides are separated by TLC using a petroleum ethendiethyl ether system 
and the phospholipids are separated using a chloroform methanol system. All lipid classes are 
quantitatively determined and recovery data are presented. Analysis of the fatty acid profiles of the lipid 
classes using GLC is described. The methodology can be adapted to partial determination if in-depth 
studies are not required. 
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